Introduction
the endoscopic approach, which is endonasal. 3 Both the microscopic and endoscopic approaches are used throughout the world, and which technique provides better extent of tumor resection continues to be debated. Less information is available in the literature about the cost effectiveness associated with these two techniques. The United States healthcare system is adding increased emphasis on the treatment efficacy when determining physician and hospital payment. 4, 5 Physician reimbursement now relies on a patient's hospital experience, efficient clinical process, and outcome. This makes understanding the surgical efficacy and hospital costs essential for transsphenoidal surgery. 6 The literature has yet to present both a cost and surgical outcome comparative analysis for the microscopic and endoscopic transsphenoidal approaches.
In this study, we present a single-surgeon experience and the first comparative analysis of both the surgical efficacy and inpatient costs between the microscopic and endoscopic endonasal transsphenoidal approaches, evaluating neurological outcome, extent of resection (EOR), and inpatient costs. We present a unique cost analysis between the endoscopic and microscopic transsphenoidal approaches that also evaluates the effect of EOR and patient outcomes on the variability of inpatient costs.
Methods Patient Selection
Patients were selected based on the following criteria: (1) age ! 18 years, (2) had a pituitary adenoma based on pathology, (3) an elective procedure, (4) no major comorbidities that would require an elongated hospitalization, and (5) had endonasal surgery via the transsphenoidal corridor using the microscopic approach, the microscopic group. From the criteria, 34 patients were found to have undergone a microscopic approach transsphenoidal surgery for a pituitary adenoma between January 2007 and January 2014. To reduce the confounding factors and increase the study efficiency, a matched-pairs design was performed for preoperative tumor size, tumor pathology, preoperative Karnofsky performance status (KPS), and preoperative visual deficits. The matched group consisted of a retrospective cohort of 34 patients who underwent an endoscopic endonasal transsphenoidal surgery between the same time period and met the inclusion criteria mentioned above. Only patients who underwent transsphenoidal surgery while the primary surgeon was conducting both microscopic and endoscopic approaches were included in this study. A single surgeon at a single institution performed all the surgeries. An endocrinologist was involved with all preoperative evaluation for both nonfunctional and functional adenomas.
Surgical Procedure
Microscopic approach: A microscopic mononostril approach with a nasal speculum was used by the primary surgeon. The tumor was removed using suction, ring curettes, and pituitary rongeurs. Following the tumor resection, the sellar space was reconstructed with an autologous abdominal fat graft, hemostatic cellulose polymer (SURGICEL; Ethicon, Somerville, New Jersey, United States), and dural sealant (DuraSeal, Medtronics; Minneapolis, Minnesota, United States).
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Endoscopic approach: An endoscopic technique using a mononostril approach was conducted by the primary surgeon. The middle turbinate was lateralized and a mucosal nasoseptal flap was created when needed. The tumor resection was conducted with the surgical assistant holding the endoscope and the surgeon conducting the tumor resection with suction, angled curettes, and pituitary rongeurs. The sellar reconstruction was performed as mentioned in the microscopic approach. [7] [8] [9] There was no need of an otolaryngologist for the exposure in the endoscopic procedure.
Postoperative Management
Following surgery, patients were monitored and managed for diabetes insipidus and followed up postoperatively at 1 month, 6 months, and then annually. Progression free survival (PFS) was determined based on the time of the initial surgery to when there was tumor recurrence (regrowth of the tumor) or when tumor progression occurred (increased growth of a residual tumor) based on postoperative magnetic resonance imaging (MRI) reported by a neuroradiologist who was blinded to the groups. For functional tumors, recurrence also included the situation with an evidence of hormonal oversecretion with follow-up laboratories. The quality adjusted life year (QALY) score quantified the health gain from the surgical approaches accounting for life expectancy and quality of life. We used the equation QALY ¼ PFS Â (postoperative KPS at 6 months/ 100) as previously used in the literature.
10,11
Tumor Volume Analysis Preoperative tumor volume was determined based on the preoperative MRI, performed 1 day before surgery, and postoperative tumor volume was based on the postoperative MRI taken 48 hours after surgery. A volumetric analysis on the T1-weighted coronal sequence MRI with and without contrast was used to determine the volumes. The software, OsiriX (Pixmeo), was used to calculate the tumor area of each coronal cut (1.5-3.0 mm), and the sum of these values determined the volume, as we have previously described, by a clinician who was blinded to the cohorts.
11-14 The EOR was calculated based on the formula (preoperative volume À postoperative volume)/preoperative volume.
Cost Analysis
The total inpatient costs during the hospitalization included costs for room/board, operating room (including operative equipment and surgeon fee), staff, medications, laboratory, inpatient supplies, inpatient physical/occupational therapy, diagnostic imaging, and anesthesia charge time. These data were obtained from the hospital finance department that contained the cost of treatment for each patient. Costs were based on the day of surgery until hospital discharge and did not include preoperative days that may have been spent inpatient. The QALY was the generic measurement to assess disease burden, where one QALY equated to 1 year in perfect health. The cost per QALY was determined by dividing the total inpatient costs by the QALY score. The incremental costeffectiveness ratio (ICER) is the ratio of the change in the mean total inpatient cost between the two techniques to the change in the QALYs of the two techniques, ICER ¼ (cost endo À cost micro)/(QALY endo À QALY micro), which shows the additional cost that is associated with the added benefit of one intervention over the other.
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Statistical Analysis
Univariate statistics were performed to generate descriptive statistics, which were reported as the number of subjects and percentage for categorical variables, mean, and standard deviations for continuous parametric variables. Parametric comparisons between the two groups were performed using the two-sample t-test, and nonparametric comparisons were performed using rank-sum test. Categorical comparisons between the two groups (microscopic versus endoscopic) were performed using Pearson's chi-square test. The significance of differences was evaluated according to a type I error rate threshold of α ¼ 0.05. A biostatistician contributed to the statistical analysis of this study (O.G.). All statistical analyses were performed using STATA 14 (StataCorp, College Station, Texas, United States).
This study was approved by the appropriate Institutional Review Board (IRB), and the requirement for written informed consent was waived by the IRB.
Results
Preoperative Characteristics
Sixty-eight patients met the inclusion criteria for this study and were treated by a single neurosurgeon for a pituitary adenoma with an endonasal transsphenoidal surgery at a single institution. Thirty-four patients underwent a transsphenoidal surgery with the operating microscope and were case-controlled matched to thirty-four patients who underwent an endoscopic transsphenoidal surgery. Mean age, gender, and preoperative symptoms were found to be similar in the two cohorts (►Table 1).
Tumor Characteristics
There were 29.4% functional and 70.6% nonfunctional adenomas in the microscopic group and 23.5% functional and 76.5% nonfunctional adenomas in the endoscopic group (p ¼ 0.582). Each prolactinoma patient underwent surgery after medical treatment failure with cabergoline, and all acromegaly patients had medical treatment failure with octreotide. Preoperative tumor volume was 5.14 and 6.03 cm 3 in the 
Postoperative Characteristics
Postoperative cerebral spinal fluid (CSF) leak was observed in two (5.9%) microscopic patients and one (2.9%) endoscopic patient. All three patients were treated with a lumbar drain. Additional postoperative outcomes and complications were found to occur in similar frequencies between the two cohorts (►Table 3). At 1-month follow-up clinic visit, adrenal insufficiency was observed in 11.8% of the microscopic and 14.7% of the endoscopic patients (p ¼ 0.720). All the patients who experienced adrenal insufficiency (four microscopic patients and five endoscopic patients) had preoperative Cushing's disease. Hypothyroidism was found in 2.9% of the microscopic patients and none of the endoscopic patients (p ¼ 0.314). Transient diabetes insipidus (DI) was found in 20.6% of the microscopic patients and 14.7% of the endoscopic patients (p ¼ 0.525). DI patients from both cohorts were initially treated with subcutaneous vasopressin that 
Cost Analysis
The total cost for the inpatient stay was $22,853 and $19,736 for the microscopic and endoscopic groups, respectively (p ¼ 0.049). Operating room costs were $5,974 and $5,045 for the microscopic and endoscopic groups, respectively (p ¼ 0.038). Additional hospital costs did not differ significantly by category (►Table 4). The mean quality adjusted life year (QALY) score was 4.07 in the microscopic group and 4.92 in the endoscopic group (p ¼ 0.679). The mean ICER showed that the mean incremental cost per QALY for the endoscopic patients was $17,266 less than that for the microscopic patients. In other words, the ICER presents a theoretical value, which indicates that there is a mean saving of $17,266 for each QALY gained when a patient with a pituitary adenoma undergoes an endoscopic transsphenoidal approach instead of a microscopic transsphenoidal approach.
Predictors of Cost
A linear regression model was created to determine the primary drivers of total inpatient costs for transsphenoidal surgery. An exploratory univariate analysis was conducted to find covariates of interest that had significant associations with the total inpatient cost (►Table 5). A multivariate model was then designed using the identified variables, namely, length of stay (LOS), operative time, and functional adenoma. The LOS (p < 0.001, ►Fig. 1) and operative time (p ¼ 0.015, ►Fig. 2) were found to have significant associations with total inpatient cost, where significant increases in LOS or operative time were likely to produce significant changes in total inpatient cost.
Discussion
The two most common surgical transsphenoidal approaches for a pituitary adenoma include the microscopic and endoscopic techniques. Over the past decade, many surgeons have transitioned from the microscopic approach to the endoscopic approach, but little is known about the cost effectiveness of either technique. [17] [18] [19] [20] [21] We present a single-surgeon, single-institution, cost analysis comparing microscopic and Previous studies have looked at the cost comparisons of these two groups, but there has been no assessment of the postoperative outcomes from these cohorts that can play an integral part with inpatient hospital costs. 22, 23 To our knowledge, we present the first cost and outcome analysis for the transsphenoidal microscopic and endoscopic approaches. We found that total inpatient costs, operative costs, and operative times for patients who underwent an endoscopic transsphenoidal approach were less than those who underwent a microscopic transsphenoidal pituitary surgery, and that LOS and operative time were important predictors of total inpatient costs.
Factors Influencing Inpatient Costs
A few previous studies have tried to evaluate costs of endoscopic and microscopic pituitary surgery. Rudmik et al 3 evaluated endoscopic and microscopic costs by reviewing a series of meta-analyses and using a Markov decision tree model that simulated the treatment and costs of a patient undergoing a pituitary adenoma resection. This study presented a theoretical cost analysis that did not look at a specific patient population or outcomes. Little et al 22 analyzed the endoscopic technique of one surgeon to the microscopic technique of another surgeon. However, different postoperative management strategies between the two surgeons added additional variables that could have affected postoperative costs. Our study was based on a patient population treated at a single institution by a single neurosurgeon who directed the postoperative care for both groups, which provided a consistent protocol for postoperative management. We further evaluated patient outcome to identify any significant variables that could skew the total cost results. Inpatient costs for microscopic transsphenoidal surgeries have been reported in the literature to range from $23,757 to $74,703, while the endoscopic endonasal costs range from $12,513 to $72,311.
3,22,23 Our study found that our inpatient costs averaged $22,853 and $19,736 for the microscopic and endoscopic approaches, respectively. The cost utility showed that the mean cost per QALY was larger in the microscopic group ($9,636) than the endoscopic group ($5,450). The ICER showed mean savings of $17,266 per QALY gained when a patient underwent an endoscopic transsphenoidal instead of the microscopic approach, suggesting that the added cost to gain an extra QALY (one year of perfect health) by using the microscopic approach instead of the endoscopic approach would be $17,266. Although there was no significant difference in the QALY between the two cohorts, the endoscopic group had significantly lower inpatient total costs with a general trend of higher QALY scores, which was reflected in the calculation of the ICER. Previous studies have used QALY scores to evaluate pituitary tumor patients; however, these utilized theoretical QALY scores that did not assess the condition of actual patients.
3,24 Our study used PFS and KPS to assess the QALY score as has previously been described. 10, 11 Although these pituitary adenomas are benign lesions, given that visual deficits from pituitary tumors can greatly impact the KPS of a patient, these provide a good measurement for quality of life. In addition, pituitary adenomas have a tendency to recur or show growth from a residual tumor following surgery, which is well documented with serial imaging. As a result, utilizing PFS provides a good indicator for tumor recurrence/regrowth, which affects the QALY score and allows the QALY for our study to provide a good estimation for tumor burden and quality of life. To ensure adequate comparisons of the QALY score, the cohorts were case matched for preoperative KPS to adjust for any preoperative conditions that could impact the postoperative care and LOS for the patients. Not all factors that affect surgical costs are well understood, and higher surgical fees do not necessarily produce better quality outcomes. 25 Oosmanally et al 23 determined
that the LOS was a key factor influencing costs for transsphenoidal surgery and also showed that compared with the sublabial approach, the endonasal endoscopic approach required less postoperative pain medication that may aid in reducing the pharmacy costs. Other studies have also looked at LOS 2,22 as a significant driver of hospital costs following pituitary tumor surgery. We found that LOS and operative time were both key components of total inpatient costs. The LOS was found to account for a significant amount of the total cost, with the cost of room and board making up to 29% of the microscopic patient's total cost and 25% of the endoscopic patient's total cost. Operating room costs comprised of 24 and 27% of the total inpatient cost for the microscopic and endoscopic patients, respectively.
Reducing Costs
Based on our study, certain factors that may aid in decreasing inpatient costs following transsphenoidal surgery included efforts to reduce operative time and provide efficient postoperative inpatient care, since these components accounted for a large percentage of total cost. At our institution, we have transitioned to the endoscopic approach given that over time we found that our endoscopic operative time became shorter while not compromising the EOR or outcomes. For this cohort, we utilized a mononostril approach that lateralized the middle turbinate to allow for quick access to the sellar region and helped reduce operative time. 26 Ultimately, a surgeon's comfort with a given technique and the surgical team's experience are likely to help decrease operative times for transsphenoidal surgery. In addition to reducing operative time, shortening the length of a patient's hospital stay can also help reduce total inpatient costs. The difficulty with trying to reduce LOS is that patient care can be compromised if an adequate duration of postoperative care is not achieved. We found that by involving our endocrinology team with both the preoperative assessment and the inpatient care of the patient, the endocrine team could quickly become familiar with the patient's postoperative endocrine issues, which provided for an easier transition to outpatient endocrine management. Studies have shown that patients with Cushing's disease can have higher inpatient and outpatient hospital costs. 22, 27 The two cohorts in our study were matchedpaired for preoperative conditions, such as tumor size, pathology, preoperative KPS, and preoperative visual deficits to compare groups with similar amounts of functional adenomas and preoperative conditions to prevent bias in our cost calculations. Our univariate regression analysis showed that functional adenomas could also play a role in total inpatient cost, likely due to the increased cost for serial laboratories and the increased LOS that maybe required to follow postoperative hormonal levels for a hormonal cure. Involving an endocrinologist can allow for more efficient management of hormonal conditions and help minimize these additional costs.
Patient Selection
For our patient cohort, we reviewed patients who were operated on during a time period when the senior neurosurgeon was performing both the microscopic and endoscopic surgical approaches to maintain similar hospital costs and account for inflation. For patient selection for either the microscopic or endoscopic approach, the patient's preoperative characteristics and presentation did not affect which surgical approach was offered. Preoperative tumor size and Knosp grades were similar between our two cohorts; however, during the early stage of transitioning to the endoscopic approach tumors that appeared on imaging to involve the carotid artery were selected to undergo a microscopic approach due to the theoretically higher risk of intraoperative bleeding. Although this study evaluated tumor volumetrics and extent of lateral tumor invasion, additional factors such as the contour of the tumor or extension over the planum are variables that were not assessed in our volumetric studies and that could also bias surgical approach selection. Ultimately, surgical approach selection comes down to the comfort and experience of the surgeon and the surgical team.
Limits of the Study
This study is a retrospective analysis that contains the biases inherent in all nonrandomized controlled studies. Although our single-surgeon perspective allows for consistency with perioperative management between the patient cohorts, institutional differences with charges and fees for surgical service may show a wide variation in inpatient costs for different practices. Since only a single-surgeon did both the endoscopic and microscopic approaches, this study could not evaluate additional operative costs that might have resulted from having an otolaryngologist cosurgeon with the endoscopic approach. In our practice, we reserved the use of endoscopic assistance with otolaryngology for giant cancerous tumors of patients who had multiple surgeries or radiation treatment for cancer in the past and required extensive exposure and reconstruction. In addition, we did not evaluate long-term outpatient costs that could differ if an otolaryngologist, who could perform routine outpatient nasal scope exams, was involved and routinely followed a transsphenoidal surgery patient for potential nasal complications.
Conclusion
The treatment of pituitary adenomas can present a substantial cost for the inpatient stay. In our experience with a single surgeon doing both procedures, the endoscopic transsphenoidal approach provided less inpatient total costs and shorter operative times than the microscopic approach, although both approaches achieved similar operative outcomes. We found that operative time and LOS were predictors of total inpatient costs, suggesting that optimizing these factors may help reduce overall inpatient costs.
